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I^Folloving  is  a  translation  of  the  article  "Issledovaniye 
zharoprochnosti  splavov  platiny  3  rodiyen,  Iridiyen,  riiteniyen, 
khroiuom  i  alioir-iriGyei'i  jetodorr;  isglba"  (English  version  above)  by 
I.  I,  Kornilov  and  R.  S.  Polyakova  in  Dokladv  Instituta  ineta- 
Ijvireli  irricni  A»  A.  Bavkov  (fte  ports  of  the  Institute  of  Metallurgy 
iraera  A.  A.  Baykov),  No.  5,  Production  Metallurgy'’,  Physical  Meta¬ 
llurgy'  and  Physicocherd-cal  Methods  of  Research,  Moscow,  I960, 
pages  139-lM  tjf 


Much  theoretic  and  experimental  material  has  been  accu- 
mula-bed  on  the  study  of  the  heat  resistance  of  i.-ietal  alloys 
depending  upon  chemical  composition  and  teiuperacure .  In  v;ork  (l) 

A.  A.  Bochvar  has  shown  that  the  weakening  temi)erature  for  pure 
metals  corresponds  to  the  tempera tm'e  of  recrystallization, 
i.e.,  013-0. 4  of  the  absolute  melting  temperatui-e .  In  case  of  the 
formation  of  solid  solutions  of  a  r-.etal  with  other  elements  there 
is  a  distortion  of  the  spatial  lattice,  resulting  in  an, increase 
in  the  strengtli  and  a  dimimjtion  in  the  plasticity  of  the  alloy. 
Hence,  for  metal  alloys,  unlike  pure  metals,  the  weakening  tempe- 
rati-iTe  is  0. 5-0.6  of  the  absolu’be  melting  temperature  (2).  It 
iias  recently  been  shown  that  in  complexly  alloyed  (r.iulti-component) 
solid  solutions  of  metals  the  hardened  state  is  maintained  up  to 
0. 7-0.8  of  the  absolute  melting  tempera t’ure  of  tho  alloys  (3)» 

Thus,  one  of  the  decisive  factors  in  the  raising  of  the  heat 
resistance  is  the  mvtl.ti-component  alloying  of  solid  solutions  of 
metals.  This  contention  has  found  confirmation  in  i?iany  exariiples 


from  the  study  of  the  heat  resistance  of  metal  systems  aepending 
upon  the  chemical  composition,  structure  and  temperature  (4-9). 

For  exar’.ple,  purs  me’bals  iron  and  nickel  weaken  sharply  at 
■teu'paratures  of  700-9000,  whereas  alloys’  having  them  as  bases  are 
1‘airly  strong  at  those  temperatui-es .  It  has  been  demonstrated  from 
the  example  of  nickel  and  its  alloys  (3,  7,  8)  that  by  compli¬ 
cating  the  chemical  composition,  the  temperature  liiaits  of  their 
hardened  state  grow  considerably  in  spite  of  the  reduction  of  the 
melting  point  of  tlie  alloys.  Thse  contentions  may  be  true  also  for 
alloys  based  on  other  refractory  me’bals. 
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The  literature  contains  r-ai'.y  vrorks  devoted  to  tie  study  of 
the  heat  resistance  of  alloys  based  on  iron,  nickel,  ciiroriuj;.  and 
ether  retal.s,  bi;t  Lissra  are  aljriost  nc  vor-'S  on  the  beat  resistance 
of  allcv's  besed  ori  SiCtals  cf  the  platiruiri  y^vciv.]:.  althcrrh  this 
q\-estion  is  of  groan  interest. 

The  inetals  of  the  piatinur  group  are  locatsa  in  proup  Vlij 
of  the  periodic  syster  ana  beior-r;  to  the  refract'  ry  cnes.  Table  1 
rives  the  rieltine:  ;''C)int3  and  certain  properties  of  these  .etals. 


Table  1 


i'.etal  Keltingj  Type  of  crystal!  deasity,  j  !‘rinclj.  [  blast j.city 


Point 


lattice 


g/cu  np. 


Platinuii  i  1773  j  Face-centered  !  21,^+ 

Falladiiii:!  1555  |  "  1  12,25 

Rhodium  1966  ®-simp].e  cubic  j 

iya -face-centered  i  12,4 

Ruti.eniu;;  2450  !  '-lexagcnal  |  12,2 

Iridixan  j  2454  \  i'ace-centered  j  22,5 


Ruti.eniu; ;  I  2450  I  '-lexagcnal 
Iridixan  j  2454  |  R'ace-centered 
Osmium  i  2500  j  Hexagonal 


j  20,0 


larciness 


ViOdvAe 


cu  I'  iiri 


31  i  15  OCC 
31,7  !  11  4B0 

54,9  I  28  000 
220  f  42  QOO 
165  i  52  500 
•  56  700 


The  metals  of  the  platinum  group,  beiiig  analogous  to  iron 
and  nickel,  are  inclined  to  foriu  continuous  and  lirdted  solid 
solut.'ouc.  k’itii  uuch  metals  as  iron,  cobalt,  nickel,  rhediur., 
pai .'lad ri.ridiiu:;  and  cop>t.er,  platinum  fcivts  continuous  solid 
ons.  Hovrever,  su.alil  a:'d.1tions  o.f  non-platinic  r,,etaj.3 
cons  tdorably  lov;er  the  corrosion  recisiarice  of  rilatinum  and  the 
ot  '.er  potals  of  t;;e  pjlat.imim  ijrouic.  V,;.nes  (9)  investiraued  the 
effect,  of  alloyir''-  elonentsS  on  the  hardnes.s  of  platin,  .'.c  and  has  shown 
that  t-o  :atter  grows  sharply  as  a  resent  of  aiding  sucii  -etals  as 
rdckol,  03',.ivi-,  rutlordum,  silver,  cop_oer  arm  i,r.lo’;hm..  A.lle;'i  (10) 
ha.3  investigated  the  strength  of  pure  petals  at  high  tepperatu.reE 
1;  ii.e  cor.inrecsicn  petho^i.  The  aut]:i.r  deteri.O.ned  tije  tension 
caus.ing  I'i  deformation  in  24  hears  at  1000^-^  and  constructed  a 
diagroj-..  si  ovdnp  the  dependence  cf  ti.e  tensions  upon  the  atomic  nmiber 
for  cho  e]e..;onts  of  the  transitional  groups  of  t.’ce  tiii’ee  lo'.g  periods 
of  tie  ixsric'dic  syste.-i.  The  wori-  shows  that  plnt.inum  and  palladi'jri 
are  very  plastic:  at  1000°  a  tension  of  Q.l6  kg/sq  im/i  dexor.'.ed 
boti;  metals  by  If  .'.n  24  houi-s.  Rhodium  showed  greater  strengthi: 
it  required  4.7  kg/sq  .  m  to  defor;:  it  If  in  24  hours  at  1000°. 

Irihiur..  proved  to  be  the  post  resistant  of  the  platlnuir;  metals; 
lit  has  the  sarie  resistance  as  tungsten. 
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Work  (11)  is  devoted  to  an  investigation  of  the  hardness  ' 
ai-id  elasticity  irifxiiiie  of  the  pnre  rietals  at  liigli  temperatiires.  The 
aut!'.:n’  investigated  platinom,  pallariJniTi,  rutlieninn  and  f.ridj.ur.  vhen 
rieotei  ir  and  .howd  that  fee  hrrrdness  of  iridin'',  and  rhod.una 

ciooilmc,  Ij nearly  vith  increased  te;':;x;ratur<; ;  tiio  rt  lntik-n  rs  a 
siriilar  one  for  the  elasticity  i-odnle.  Hoxvevcr,  platini'n  ar/l  pni,l:i^ 
dinn  behave  sornevhat  differently.  With  a  tGiriC«ratnrc  rise  to  'iOO- 
600^  the  hardness  of  platinian  scarcely  ciianges,  and  only  above  this 
temperatxire  is  a  noticeable  decline  in  the  hardness  and  elasticity 
jnoduLe  observed. 


The  present  work  is  devoted  to  the  sttidy  of  t>ie  heat  resistance 
of  platinum  with  alloying  additions  of  rlicxlivnix,  iridluin,  rathonii.iM, 
chiromiuM  and  aliminxiE,  The  test  was  irade  by  tiie  tend  met'xof]  in  o. 
farnace  specially  designed  by  V,  S,  l^ikheyev  in  an  atrospb.vre  of  air 
or  in  a  vactn®i  at  1100-1200°. 

A  tube  of  lieat-resi start  alloy.  No,  2  with  an  in.s;'do  dla'i-eter 
of  S*00  rrjii  wfis  placed  in  a  Silit  furnace.  The  sarjples  in  the  fom 
of  rods  3  mm  in  dianieter  and  25  rmn  long  were  inserted  from  the  two 
sides  into  fire-resistant  magnesite  brick  and  were  wiglsted  with 
wc; lights  of  heat-re 3 •’ stant  alioy  El  437,  The  little  weights  ware 
computed  according  to  the  length  and  diameter  of  the  samjilo.  A 
window  was  ai'ranged  in  tte  tube  to  observe  the  bending  of  tne  sample 
in  the  process  of  testing  in  air  or  in  a  vacuum  (Fig.  i).  The  tcc.pe- 
rature  .i.n  tlie  tube  was  determined  by  a  plat inum-plat.i  nor li'tyi  iiu.i 
ti.encocoaple  and  regulated  by  a  thenaoreg'slator. 

Tiie  saiaploa  for  the  investigation  of  the  resistance  by  tte 
bending  method  x-zere  prepared  in  a  high-frequency  furnace.  Tiie 
molten  .Tx.ital  was  piimyjed  into  porcelain  tubes  3  mm  in  diai.i6ter» 

The  viieasurns  of  heat  resistance  adopted  were  tine  teirq;*- 
’■at'i.ve  at  which  the  prescribed  bend  is  reached  (6  miu  for  low-resi- 
ni.ance  alloys) ,  <r  t,he  time  when  the  bend  is  reached  at  1150*^  (for 
.nigl'-x'e distance  alloys).  The  tost  temperature  was  1150°,  and  the 
teiridinp  tension  15  kg/sq  mm. 

The  cc'nstant  conditions  of  beiofjerature  and  initial  tension 
ai'jovpv.i.  p.-is  effect  of  the  chosen  elements  on  the  heat  resistance 
of  plat  inn  '  to  be  studied.  Alloys  of  the  dual  systems 

plntixu.mj-rbodiuTn,  'Dlatijm:;;-irld,iui:!,  platinturs-ruthcniui;;,  platinum- 
aliir.ir/iiri  and  platiuum-cliromiixr.  were  examined. 
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Figure  1.  Beud-Test,  Fiirr!&.ce.  Le(,'er,di  1. 

■i.  oven  lining;  3,^  fire-resistant  brick; 
i'.  rubber  gasket;  6.  copper  ceil  cooling  inspecuion  vindov; 
ana  7.  inspection  wlndov.  (A,=  To  tiie  vacuum  px^p. 


jUL'O  of  DU-iOy  ?3a. 


f’*®  oyste;:;  acn.i-;ut,c  of  con' ''.r-U'.  us 
‘  u ..on,.-, ,  Aor?  (I7)  nas  shown,  hewevor,  thot  rnodju;;.  has 
'wo  :..o'u:2\c.^'A^yra  \  QC  o-iici  p.  The  i'lrst  is  DtaGic:  up  no  3  0.;:)''  and 
cannon  ^Ijrni.-b  o.;ntiriucv^s  solid  solntloxis  wj  t;h  rlatimr.  boenuse 

in  their  crystal  snructures.  -l/r/arentiy  i,ne 
p.  co,;i.  •-•.ns  u  ;?’ual.;  two-phase  area  an  joining  thoOC-uo'id 
•'O'.  of  r;.odiui'';, 

^  -a.,.  prc,':ei*i  ies  of  tuis  G.Y..te;'i  have  b'-er.  .  tuaied 

^  The  hrlroi.i  hardness  vaiues  and  tae  tenulie  •tnnn  •tn  for 
ioys  oi'  r).:,an.l,v,v:;.  ^hodi^n^  iv,  the  roasted  »nc  void- wor'e-d  [5?  '^ 

n  are  r-[-.reu  i"  Table  k. 


Kn^MmT  “fen^le  ct^nrth,' '  so 
.  roasted"  y  "coldhwdr^dd  7  hf-istnd 


SC;  ;.X1 


20 

40 


97 


130 

j  '7 
li.; 


42 

i 

> 

#2.  /  j  ^ 

I  i.<,6 

hO 

< 

42,0 

!  i  •  ^  / 

VO 

♦ 

49,0 

1  2.1  0 

90 

1 

63,0 

'  31,7 

120 

1 

1 

91, '0 

^  49,0 

130 

i 

- 
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To  stivly  heat  resistance  by  t>ie  bend  rethod  wo  used  alloys 
fron  the  area  of  solid  s^'lutic^ns  of  platinur.  with  10,  20,  30  and 
40,1  Rh.  T  e  r;.'! at' miii!  alloys  with  this  rhod.hji.':  content  ;.roved  to 
have  a  low  ^eat  ro i:.! stance :  in  the  nrocnss  rf  +}.e  ado'' ted  hoatiav 
rjgiiiie  tney  bent  an-  reac’'od  the  proseribeu  bend  at  vacd.ous  tejne- 
ratures.  The  results  of  thG  invostij-atiou  are  si'iovm  it  Tablo  }, 


C-'Tit.ent, 
oy  weight. 

Tei'iperature  at  1 
whl.ch  t~ri\  bend! 

T'enel  iFid  .  ■ 

nw 

j 

0 

100 

20  1 

10 

90 

800  1 

20 

EO 

S50  ; 

30 

70 

900  ! 

40 

60 

looo  i 

1 

Content,  i 

wsigiit  ■;!> 

^  1 

Te; 

whl 

pfirst-a.''e  at 
ch  6'rii:.  bend 

Ir 

1 

i- 

0 

100  ! 

20 

10 

90  j 

900 

20  - 

80 

1000 

30 

70 

1050 

40  i 

5  1 

60  i 

1100 

I 

• 

J 

It  follows  fron  Table  3  that  all  alloys  containing  up  to 
PM  cars  plastic:  they  bent  before  a  tempesrature  of  1150®  was 
roached.  rt:-,od.Iu:d,  t.owevr-2r,  -partially  hardens  r)latintrr>.  Tliio  ray 
'(Yi  seen  frot;  Table  3«  An  especial.!/  siiarp  tci'.perature  rise  is 
ooservod  a  1%  Hh  content.  Consequently,  the  latter  consi¬ 

derably  raises  the  heat  resistance  of  platAnuii. 


I-latinuri-.lr:.di.r;  systori,  Accoirilng  to  (12-1?)  this  system  forrfis 
continiKnus  solid  solut-ions.  Hoxrevsr,  investigation  (f>)  establishes 
the  decomposition  of  the  solid  solution  into  -t'wo  anases,  the  solii- 
bilit.-;-  lii-.its  at  700®  being  confined  to  a  content  of  T-O*?'.  Ir. 

As  the  iridit!:'!  conte-nt  is  increased,  the  plasticity  of  the 
allo;/s  drops  sharply.  Thus,  an  alloy  containing  351  Im  is  hard  to 
work , 

To  investigate  heat  resistance  by  the  bend  method  at  1150° 
andCv  =  15  bg/sq  cm,  we  used  alloys  containing  10,  20,  30  and  401j  Ir 
The  alloy.s  of  this  sysfcerr;  also  turned  out  to  be  plastic,  bent  in  the 
heating  r-,r:'ce.;3  and  reached  a  6-i.n;  bend  at  different  temperatures. 

Ti  e  corpositi  ms  of  the  alloys  and  the  results  of  their  tests  are 
given  in  Table,  4. 

As  may  be  seen,  the  samples  of  alloys  bent  under  loading  in 
the  heating  process.  It  may  be  noted  tiiat  the  alloys  gradually 
become  stronger  with  an  increase  in  the  iridiLffi  content,  which  is 


5 


|*%onfirrned  by  tho  rise  of  the  bendirig  tomperatvcre  from  room  for  ***^ 
pure  platiintn  to  tor  an  alloy  containing  1^0$  Tr» 

\  nu’'-~ri!  tlienj  'gr.  .qy.vtfcA*  "Wia'ics  !l'.^  and  20;  a'-e  voted  to  an 


Jli.  :  .. 


xj-iV'-iot. :  -aLi.o;  of  i  he  j;J la-rutivaii  oi-  oyo'/;;:'.,  TMo  viitM’:-  va'/o 
oiitahi lohrcl.  ool.ibxlity  iip  to  Co*  ly  vjeipbfc  of  ratLonOi;.’  Co 
In  this  system  o)ia  must  ext'Oct.  discontinuity  of  tliO  aol.ui  ociiia 
since  the  comiwuents  possess  different  crystal-la ttioo  strucUu*ys. 

The  mechanical  properties  of  the  alloys  of  platinv^a  vith  ruthenicaa  — 
ere  stucilod  in  (16). 

Rutheniun,  like  iridium,  siiarpily  raises  the  strenpjith  of 
rtatix’iiB.,  An  alloy  coni aix'ing  15'«  Ru  bcnoriiea  unvor.:abie.  An  alloy 
vn.t};  Ru  La  sbulloi’  in  mechanical  properties  tc  an  alloy  of  platxmxL'' 
with  10?’  Ir. 

We  ))&VB  sttdied  alloys  vdtb  10,  20,  30  40X>  Ru.  The  results 

are  given  in  Table  5* 


Coritent,  %  by  x^-^right 


Ru 

Pt 

1  reached  atV  ~  15  kg/sq  lan,  C 

[ 

0 

100 

20 

10 

90  ! 

900 

20 

k) 

1150  after  30  isdnutos 

30 

70 

1150  after  3  hoiu’s 

40 

6o 

1150  after  5  hours 

As  iiiay  be  seen,  ruthenium  considerably  increases  the  strength 
of  platitnir..  While  an  a.lloy  containing  lO,!  Hu  bends  at  900*^,  alloys 
containing  20/'  Ru  or  roce  stanid  a  heating  tcivperature  up  to  1150^' 
for  aoTne  tirae.  As  tho  ruthenium  contoiit  is  rai.sod,  tho  time  taken 
to  reach  the  o-mm  bond  at  llfiO®  grows,  and  is  hours  for  Ru. 

.1  J.j-t  i  nuix-olum;  nun:  system .  Thus  far  the  Pb-Al  Gyrtojn  lias  teon 
inv^’ntiirated  up  to  VO^i  by  weight.  As  eptablinbod  in  (20),  aluminnin 
doe;;;  ’-,0+.  oxaeoV/B  platinuJ'i  in  tee  S'd-id  state  at  all.  According  to 
toe  data  of  f-'l),  tije  solubility  of  eiumirnui  ir.  pilatinur.  is  6f-, 

Tnvc'^; ligation  of  lieat  roEiRUirico  by  the  Vend  method  at  J150‘^ 

?>n(i  t'’nsjr;n  of  1')  kg/sq  lara  was  made  by  us  on  allcjys  containing 
2.3,  3  ivxd.  7.5"  A1  by  wei.ght,  and.  having  a  platinum  base  and 
;5iirr  '".med  by  outect.ic.  All  the  alloys  of  thi.i  sytem  proved  to  be  i 
{brittle  and  the  samples  broke  under  tension  before  reaching  1150^.  -J 


-  6  - 


I  Hence,  it,  does  not  appeal'  jxissible  to  draw  any  conclusions  about 
the  effect  of  alui.inim  on  tne  heat  resistance  of  platinun. 
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FI  a';-inau~chroi:~.u.i  syote;;' . 
dovoiod  t'..  t'le  unn--s;;i.gatio;: 
Accoroir’’  to  the  dcra  of  (dj) 


l.cuiy  v'crFs  (f,?,  23,  2,i)  ’risve  teen 
of  -.oe  V- syoten, 
platinu:  i  and  cnrcniiin  are  si/Vu'^le 


in 


one  arct'jcr  to  a  lirdtoi  extent,  Tv;c  cop.ipounds  are  foi-ned  in  t’.io 
systoR:  one  of  tnen  as  a  result  of  tho  decor, position  of  the  solid 
scluthTu;  it  bfjlon;':-:  to  t:'.e  conpcnnds  of  the  Kurnalccv  type  (2'',); 
the  seconii  (Ft,  Gro)  crystallizes  at  the  riaxi.-aura  on  the  fusibility 
curve , 


have  studied 
'vJeipht.  The 


neat  resistance  in  alloys  with 
results  are  ^dver.  in  Table  6. 


10, 


Table  6 


Content, 

■  by  -/eight 

1 -  •“ 

Teraperattire  at  v/hic,.  6-Rri  berd  was  reached 
,  15  hg/sq  iTi;  ;,  °C 

Gr  1 

) 

Ft 

0 

100 

20 

10 

90 

i  1150  after  60  hofirs 

20 

!  80 

!  1150,  broke  after  170  liours 

30 

!  70 

1 

j  1150,  bi-olce  after  .25  hours 

i 


thilile  tiif.!  alloys  of  tte  preceding  systoras,  all  tiirce  coupo~ 
.sitiona  of  alloy, s  cf  platinuiTi  vrith  chroniu”!  stood  up  to  1150'^  with- 
o:.;;  bor.d.lng  under  a  tens 'on  of  15  kg/.sq  m.u.  The  alloy  with  lO;;-'  Cr 
oy  voi.ri'it  did  riot  berui  at  11 FO”  during  60  hours.  Tlio  alloy  containing 
Gr  by  weight  did.  not  bend  for  R.ore  tiiau  170  iicurs}  that  v.dth 
30/1  Cr  bx''':ce  after  25  hours  bt3car.se  of  gi’eat  brit'c,lenes.s.  It  sho'ild 
oe  noted  that  tiw;  alleys  become  brittle  es  the  c:-.rauiur.3  content  is 
nci'eavsed  and  are  s'haitered  without  doforuation  (without  bending). 


COlICLTJGlChS 


1. 


-hhodiun  strengthens  pure  platimr;.,  but  the  alloys  becoi'S 

\0 


w;ry  plastic  wten  heated,  -and  they  tend  at  900 


2,  The  alloys  of  the  platinum-iridiuir.  syst-er.  are 
but  their  plasticity  diranishes  as  the  iridiwi  content 
an  alloy  v;itV:  40/1  Ir  has  a  6-mm  bend  at  1100*^, 


plastic , 
is  increased; 
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3.  The  alloys  of  tiie  platinun-ruthen.iiar.  syate;.  liave  (-n'eater 
stre-Tifcth  than  t>;e  alloys  of  olatinu^.  with  rhodira.  and  ir.idiuE..  An 
alloy  vritii  4''lv  la  stands  i-he  aosipn.ed  test  covd^tions  at  up 

to  5  hours* 


4,  Ttio  alloys  cf  t’.o  placJ.r\uri:-alu:.lriiuf.  systc:  with  an  Al.  c-.)nto 


of  up  to  7.0/1  are  brittle  and  breat  linanr  a  teiision  cj,;.'  I-'.  Kg/sq  isr. 
before  roachinr  1150^''. 


5.  The  alloys  of  the  plat.iniir.;-G  hr  or. 'iuv.  syste:.  riavo  the 
hif^heat  h(5a.t-rcalstarit  properties.  All  thie  corr.  posit  ions  of  alloys 
stand  heating  rp  to  without  bending.  Houovor,  an  increase  in 

cIiroiriiiKK  content  re.sults  in  brittleness, 
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